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I. 


INTRODUCTION 


When  a distant  cylindrical  target  is  illuminated  with  coherent 
light,  the  back-scattered  field  is  a coiiq;>lex  speckle  pattern  which 
depends  on  the  reflectivity  and  roughness  of  the  target.  The  dependence 

of  contrast  on  the  roughness  has  been  examined  by  Smith^.  The  charac- 
teristics of  high  spatial  frequency  speckle  which  sweeps  across  the 

2 

detector  as  a rough  cylinder  rotates  have  been  studied  by  George  . Such 
investigations  have  particular  relevance  to  the  laser  radar  applications. 

Although  the  frequency  spectrum  and  speckle  configuration  at  any 
one  Instant  are  very  much  affected  by  the  Doppler  effect,  the  statistical 
averages  of  intensity  and  contrast  are  not  significantly  affected  for 
realistic  values  of  angular  velocity  (a  few  radians  per  second),  size 
(1  m or  so),  and  distance  (a  few  hundred  km).  The  Rayleigh-Sonmerfeld 

3 

diffraction  formulation  is  employed  in  this  work. 

II.  THEORETICAL  FOUNDATION 

The  electric  field  at  the  surface  of  the  cylinder  is  given  by 
a^(£,9,9-a)  « a(i,9,9-a)  expJO (9,0-a,i)  exp(JkAr)  , (1) 


where 

Ar  * p - p CO30  , (2) 

and 

a(i,0,0-a)  . a^  Pj(i,9,9-a)  , (3) 


Smith,  J.  L.,  Surface  Detail  and  Backscatter  from  Coherently 
Illuminated  Targets  Rotating  About  the  Axis  of  Symmetry,  Technical 
Report  TR-77-3,  Physical  Sciences  Directorate,  Technology  Laboratory, 

US  Army  Missile  Research  and  Development  Command,  Redstone  Arsenal, 
Alabama  35809,  February  1,  1977. 
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George,  N,,  Speckle  from  Rotating  Cylinders.  Internal  Note  to 
Quantum  Electronics  Group,  Physical  Sciences  Directorate,  US  Army  Missile 
Command,  Redstone  Arsenal,  Alabama  35809,  May  1976. 
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Goodman,  J.  W. , Introduction  to  Fourier  Optics.  McGraw-Hill, 

London  and  New  York  (1968),  pp.  42-45. 


in  which  a is  a scalar  representing  the  incident  electric  field  ampli- 
o 

tude  and  Py(i,9,0-Ct)  is  the  posit ion -dependent  surface  reflectivity 

(see  Figure  1).  The  symbol  <)>  represents  a phase  change  of  light  upon 
reflection  due  to  roughness  at  length  position  £ and  angular  position  9 
for  the  surface  orientation  9-Ct,  The  angle  Of  is,  of  course^  the  refer- 
ence angle  with  respect  to  0 - 0 for  the  surface  structure.  For  small 
values  of  0,  1>  » -2kh  where  h is  the  deviation  of  the  surface  from 
strictly  cylindrical.  For  larger  values  of  0,  4>  depends  on  0 somewhat 
(see  Appendix).  The  reflectivity  p^  is  assumed  to  vary  slowly  compared 

to  ♦ so  that  the  two  values  are  essentially  independent. 


Figure  1.  Geometry  of  illuminated  cylinder. 

The  Rayleigh-Sommerfeld  diffraction  theory  gives  the  far-fleld 
backscatter  amplitude  for  a surface  element  ds  as 

dA(i,0-a)  - ^ a2(/,0-a)  ^ expjk’r  cos0  ds  , 


where 


k'  - k (1  - Vg/c)  - (1  - p u sin0/c)  (5) 

is  the  Doppler-modified  wave  vector.  The  symbols  u and  c represent  the 
angular  velocity  and  speed  of  light,  respectively.  Combining  Equations 
(1)  and  (4)  gives 


dA  - a expj'J'  exp(jkAr)  ~ expjk'r  cos0  ds  . 

lA  ^ 
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Since  r * R + Ar  (Ar  « R)  and,  for  reasonable  values  of  w,  k'  Ar 
may  be  replaced  by  k Ar,  then 

dA  =i  a expj<>  expj(2k  Ar  + k'R)  cos0  ds  , (7 


dA  expjkR  a expj<l'  exp jkjzpCl-cosS)  + (^-1)  kj  cos9  ds  . 


Defining  the  shape  factor 


F(9,7)  = expjk[2p(l-cosd)  - 7]  cos0  , 


where 


y “ R(1  - k'/k)  ■ p u R sinff/c  , 
the  back-scattered  field  amplitude  at  the  detector  is 


expjkR  //^  a expjo  F(e,7)  ^9  d£ 

JAK  O-Jt 


The  real  part  of  the  shape  factor  is  syranetrical  about  zero  for  7*0 
and  is  near  unity  for  small  9,  but  as  9 increases,  it  oscillates  with 
decreasing  period.  For  7 ■ 0,  the  imaginary  part  is  assymetric  and  is 
zero  at  9 • 0.  As  9 increases,  it  also  oscillates  with  decreasing 
period.  To  be  rigorous,  it  should  be  mentioned  that  F does  not  contain 
all  the  effect  of  shape.  The  roughness-phase  also  depends  to  some 
extent  on  shape  (through  cos9)  and  not  surface  position  9-a  alone. 
However,  F(9,y)  is  the  factor  that  depends  on  the  Doppler  effect. 

Let  the  condition  that  7/sin9  = p « R/c  « p (or  uR/c  « 1)  be 
assumed.  Therefore  part  of  the  exponent  in  Equation  (9)  may  be  written 

- 2 p C089  - 7 ■ - 2 p ^cos9  + 7/(2p)^  . 

Since  7/2p  > u R slnd/(2c)  [see  Equation  (10)],  then 

- 2 p C089  - 7 ■ - 2 p [cos9  + u)  R 8in9/ (2c)l 


or,  since  uil/(2c)  « 1,  and  thus  costuR/ (2c)]  ec  1 and  ain[uR/(2c)]  e* 
u R/(2c)  , 
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Cl^R.  fitR 

- 2 p CO30  - 7 « - 2 p [cos(^)  cosQ  + sin(^)  sin0]  . 
Use  of  trigonometric  equations  further  allows  one  to  write 


- 2 p COS0  - 7 £a  - 2 p cos  (9  - . 

Therefore  Equation  (9)  becomes 

F(9»7)  expjk2p(l  - cos(0-(»iR/2c)]  cos0  . 

Since  uR/2c  « 1 , the  cos0  factor  at  the  end  may  be  replaced  by 
cos(0-(dR/2c)  for  values  of  0 not  near  Jt/2.  Hence 

F(0,7)  « F(0-u)R/2c,  0)  . 


A(0!)  expJkR  //  a expj<l>  F(0-(joR/2c,O)  d0  dZ  . (14) 

0“lt 

I 

III.  CONCLUSION 

The  Doppler  effect  has  merely  shifted  the  center  of  F by  a 
small  amount  for  uR/2c  « 1.  This  will  have  a pronounced  effect  on  any 
measurement  of  A(a)  , but  not  its  statistics.  This  is  because  the 
shape  factor  has  displaced  only  slightly  with  respect  to  the  average 
value  of  0 over  the  surface. 

For  an  example,  let  u - 2n  rad  s"^  , R ■ 500  km  , p - 1 m . 

_3 

Thus  uR/2c  sf  5 X 10  rad,  which  certainly  satisfies  the  condition 
ci»/c  « 1 . 

Since  for  uR/c  « 1 , the  statistics  of  the  backscatter  is  not 

much  changed,  average  intensity  <I>  • <A*A>  and  contrast  <BlS>^^^/<I>  are 
practically  unchanged.  This  does  not  mean,  however,  that  the  frequency 
spectrum  spread  of  the  backscatter  is  insignificant.  . 


Appendix.  DEPENDENCE  OF  PHASE  0 ON  0 AND  8 -a 

2 2 2 

Assume  the  second  derivative  (1/p  ) d h/d0  is  very  small  and  the 
fractional  change  of  h over  the  distance  p is  small.  Also  assume 
that  the  reflectivity  p^(i,0-a)  varies  slowly  over  distance  p ^ , so 

that  a(i,0,0-a)  - a^  Pj.(i,0-a)  a(i,  9-d0,9-^-a)  . 

Examination  of  Figure  A-1  allows  one  to  write 

O/k  - [H  co8(29-2A)  +H]  , (A-1) 

where 

H ^ h(i,0-a)/cos(0-2A)  . (A-2) 

Since 

A(i,9-a)  (1/p)  dh/d0  = D(i,0-a)  , (A-3) 

then 


♦/k  ..  - h(i,9-a) 


(A-4) 


For  small  A, 

0/k  a - 2 h(i,9-a)  COS0  . (A-5) 

Because  ♦ depends  not  only  on  9,  but  on  h and  D which,  in  turn,  depend 
on  £,9-a,  one  can  write 

4>  a O(i,9,0-a)  . 
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